Purified rat ceruloplasmin is extraordinarily unstable in storage at −70 • C. In a 20 mM phosphate buffer, pH 7.0, the ferroxidase and amine oxidase of ceruloplasmin are over 90% inactivated within two weeks. Holoceruloplasmin stored for three months in a 20 mM barbital buffer (or acetate buffer), pH 7.0 (or pH 5.5) was transformed into an apo-protein and amine (o-dianisidine) oxidase of ceruloplasmin was inactivated by 50-55%. The patterns of ferroxidase activity loss were similar to those of amine oxidase activity loss. On the contrary, when holoceruloplasmin was mixed with rat serum albumin, transformation into apoceruloplasmin was significantly prevented in a 20 mM barbital buffer, pH 7.0 (or 20 mM acetate buffer, pH 5.5). Consequently, ferroxidase and amine oxidase activities of ceruloplasmin were not inactivated and the immunochemical reactivity was not changed. These results can be applied for laboratorial and clinical purposes.
Introduction
Ceruloplasmin, a blue copper oxidase, is one of the acute phase α 2 -glycoproteins. It contains 95% of the copper in the plasma of all vertebrates. The ceruloplasmin levels are influenced by a variety of humoral factors in human and mammal serum. Gene expression and ceruloplasmin levels increase with γ -irradiation (Kim et al. 1998) , turpentine-induced inflammation (Semsei 1991) , fetal development (Fleming & Giltin 1990 ) and hyperoxia (Fleming et al. 1991) . The in vivo physiological function has not yet been clarified with certainty, but it has been proposed that ceruloplasmin may have multi-functions including ferroxidase activity (Osaki et al. 1966) . This protein has also been speculated to have antioxidant (Halliwell & Gutteridge 1990 ) and pro-oxidant property (Ehrenwald et al. 1994) . Recent study has suggested that human ceruloplasmin has a thiol-dependent H 2 O 2 removing function (peroxidase) (Kim et al. 1998 , Kim & Park 1998 .
Ceruloplasmin is mainly synthesized in hepatocytes by humoral factors and secreted as a holoprotein with six or seven atoms of copper incorporated during biosynthesis. Failure of copper incorporation during biosynthesis results in an unstable protein lacking oxidase activity (Giltin et al. 1992) . Deficiency in oxidase activity of ceruloplasmin is associated with Wilson's disease and induce the disturbance of iron or copper homeostasis (Cousins 1985) . In addition, storage of purified ceruloplasmin at −20 • C or −70 • C results in a change in absorption at 610 nm, loss of copper with aggregation of apoprotein, and a considerable loss of oxidase activity (Ryden 1984) . Therefore, characterization and quantification of ceruloplasmin is seriously hampered by its instability.
In the present study, we investigated that rat albumin stabilized rat ceruloplasmin during storage and subsequently inhibited the severe losses in oxidase activities of ceruloplasmin, the formation of apoceruloplasmin and changes of immunochemical reactivity.
Materials and methods

Preparation of rat ceruloplasmin and albumin
All reagents were of analytical grade. DEAESepharose, Chelex-100 resin, o-phenylenediamine dihydrochloride, horseradish peroxidase conjugated anti-rat IgG rabbit antibody, epichlorohydrin and o-dianisidine were purchased from Sigma Chemical Co. and 2-chloroethylamine monohydrochloride was purchased from Aldrich Chemical Co. Rat (Sprague-Dawley male, 12-14 weeks) serum ceruloplasmin was purified by using chromatography on Sepharose derivatized with 2-chloroethylamine and DEAE-Sepharose by the methods described by Musci et al. (1993) Derivatized Sepharose was prepared according to the protocol described by Calabrese et al. (1988) . Rat serum albumin was isolated as previously described (Leatherbarrow 1981) . The purity of the protein was estimated by polyacrylamide gel electrophoresis. Protein concentrations were determined by the methods of Bradford, using ovalbumin as the standard. Purified ceruloplasmin (3.9 mg ml −1 ) and albumin plus a ceruloplasmin mixture (ceruloplasmin, 1.2 mg plus rat serum albumin, 2.7 mg ml −1 ) were stored at −70 • C for three months. Samples were separated into small portions before storage to avoid repeated freeze-thawing. Because o-dianisidine and chloroethylamine are hazardous, caution must be taken when handling. The absorption spectra of ceruloplasmin were measured on a Shimazu 450 spectrophotometer (300-700 nm).
Enzyme linked immunosorbent assay (ELISA)
The difference of immunochemical reactivity between holoprotein and apoprotein was tested by an antigen immobilized indirect ELISA using the IgG against the holoprotein. Preparation antiserum for rat ceruloplasmin and indirect ELISA were performed in accordance with the methods of Kim et al. (1998) .
Measurement of oxidase activity
The amine oxidase activity of ceruloplasmin was measured at 540 nm according to the methods of Schosinsky et al. (1974) . o-Dianisidine was used as a substrate. The measurement of ferroxidase activity was performed by the methods of Johnson et al. (1967) . The rate of formation transferrin-Fe 3 complex, catalyzed by ceruloplasmin, was monitored at 460 nm.
All reagents were prepared in Chelex-100-treated distilled water.
Results and discussion
Change of ceruloplasmin activity during storage and albumin additive effect
In the crude serum sample, it has been reported that repeated freeze-thawing or storage at −70 • C does not cause a significant loss of ceruloplasmin oxidase activity over a 10-day period. However, purified human ceruloplasmin has been shown to be unstable during storage or by oxidative stress (Ryden & Bjork 1976 , Winyard et al. 1989 ). In the phosphate buffer, pH 7.0, the dramatic loss of oxidase activity of purified rat ceruloplasmin was observed (nearly 90% after three months). It might be that in the phosphate buffer, pH 7.0, ferroxidase and amine oxidase activity loss was associated with the buffer concentration. However, in 20 mM barbital buffer, pH 7.0 or in 20 mM acetate buffer, pH 5.5, ceruloplasmin underwent less oxidase activity loss than in the phosphate buffer, pH 7.0. Amine oxidase of ceruloplasmin stored in a barbital buffer, pH 7.0 at −70 • C was inactivated by 55% after storage for three months ( Figure 1A ). Phosphates are thought to contract and bind more loosely bound copper by repeated freezing and thawing, and during storage at −20 • C or −70 • C. On the other hand, it is likely that acetates and barbital do not contract and bind loosely bound copper. However, a harsh and low pH condition, such as an acetate buffer, pH 5.5, loosens some of the copper on ceruloplasmin. For storage, 25 mM sodium acetate containing 50 mM NaCl (approximately pH 7.0) has been adopted as a stable ionic milieu in commercially available product. However, during storage, the amine oxidase activity loss was not prevented with the exception of a slight retardation of oxidase activity loss and the fragmentation of ceruloplasmin in human occurred (Ryan et al. 1992) . The patterns of ferroxidase activity loss were similar to those of amine oxidase activity loss. Ferroxidase of ceruloplasmin was inactivated by 50-60% after three months of storage in a barbital buffer, pH 7.0 or in an acetate buffer, pH 5.5 ( Figure 1B) . The oxidase activity loss of ceruloplasmin was inevitable and no way to restore or preserve full activity was found.
It is well known that once purified, ceruloplasmin easily undergoes conformational change, which leads
